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ABSTRACT OF THE DISCLOSURE 
A method of removing organic solute from an aqueous 

solution comprising passing said solution over a dynamic 
hyperfiltration membrane under conditions whereby a 
portion of said solution is forced through said membrane, 
the portion passing through said membrane being depleted 
in said organic solute. 

BACKGROUND OF THE INVENTION 
The invention described herein was made in the course 

of, or under, a contract with the United States Atomic 
Energy Commission and in the course of work performed 
for the Office of Saline Water of the United States Depart 
ment of the Interior. 
Our invention relates to methods of removing organic 

solutes from aqueous solutions. 
SUMMARY OF THE INVENTION 

It is one object of our invention to provide a simple 
method for removing organic solutes from Water. 

It is another object to provide a method of treating in 
dustrial and sewage Wastes, 

Other objects of our invention will become apparent 
from the following description and claims. 
We have discovered that organic solutes in an aqueous 

solution are rejected by dynamically formed hyperfiltra 
tion membranes and in accordance with our invention we 
have provided a method of decreasing the concentration 
of an organic solute in an aqueous solution containing 
said solute comprising establishing a dynamic membrane 
on a porous substrate and moving said aqueous phase past 
said substrate under conditions whereby a portion of said 
aqueous phase passes through said porous substrate and 
said membrane, the portion passing through being de 
pleted in said solute. 

Organic solutes having a wide range of molecular 
weights and containing a wide variety of Substituents can 
be removed from an aqueous solution by our method. 
Some organic substances are capable of forming a self 
rejecting membrane and therefore do not require the ad 
dition of a membrane-forming material to the feed solu 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Our invention is carried out by establishing a dynamic 
membrane on a porous substrate and then passing an 
aqueous solution containing the organic solute to be re 
moved over the porous substrate under conditions where 
by a portion of said aqueous solution passes through said 
membrane. 
As is disclosed in co-pending application Ser. No. 504,- 

277, filed Oct. 23, 1965, now Pat. No. 3,449,245, for “A 
Salt-Rejecting Barrier,” a dynamic salt-rejecting mem 
brane may be formed by passing an aqueous phase con 
taining a dispersible material through a porous substrate 
while maintaining flow parallel to its surface. The re 
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2 
sulting rejecting membrane is extremely thin, i.e., in the 
range of 1 to 30 microns thick, and consequently fluids 
can be forced through it at a relatively high rate at mod 
erate pressures. 
The substrate may be of any material capable of main 

taining its integrity under the pressures involved and in 
the presence of the aqueous solution to be treated. The 
chemical nature of the substrate is not significant and ma 
terials of such widely diverse natures as metal filters, 
porcelain frits, glass frits, porous carbon, and organic 
materials such as permeable papers may be used. 
The diameter of the pores in the substrate may range 

from about 30 A. to 5 microns and in circumstances 
where the membrane-forming additive contains colloidal 
material the maximum diameter may be several times as 
large. 
The membrane-forming additives may be selected from 

a wide variety of substances including neutral organic 
polymers, polyelectrolytes, organic ion exchanges, inor 
ganic ion exchangers and hydrous metal oxides. The ad 
ditives disclosed in application Ser. No. 504,277 as useful 
in forming a salt-rejecting membrane are also useful in 
forming a membrane for rejecting organic solutes. 
Our process is capable of reducing the concentration in 

an aqueous solution of a wide variety of organic materials 
over a wide range of molecular weights. The rejection in 
general increases with an increase in molecular weight, 
thus making possible the fractionation of organic ma 
terials. 
Our process removes organic constituents found in in 

dustrial wastes, and sewage effluents. Typical of the or 
ganic compounds which can be rejected by a dynamic 
membrane are alcohols, sugars, and lignosulfonic acids. 
The pressure used in forcing the aqueous solution 

through the membrane must be greater than the difference 
in the osmotic pressure between the permeating and feed 
solutions. Pressures of at least 50 pounds per square inch 
are desirable and pressures as high as several thousand 
pounds per square inch may be needed to attain the low 
est cost for removing solute. 
The degree of concentration change in a single pass 

through the membrane is influenced by the species of 
solute present, the concentration of the solute, the size of 
the pores in the substrate, the pressure used to force liquid 
through the membrane and the rate of flow of liquid par 
allel to the membrane surface. In carrying out our proc 
ess the concentration of solute at the membrane must not 
be permitted to increase excessively over that of the feed 
Solution. Concentration polarization and its attendant in 
crease in the concentration of solute in the solution pass 
ing through the membrane can be minimized by circulat 
ing the feed solution past the membrane at a rate high 
enough to maintain the concentration of solute at the 
membrane near the concentration of solution in the feed 
solution or by use of means to promote turbulence. 

Having thus described our invention the following ex 
amples are offered to illustrate it in more detail. 

EXAMPLE I 

A permeable substrate was made by cutting disks from 
a 40-micron thick silver filter having a nominal pore 
diameter of 0.2 micron. These disks were supported by 
a grossly porous metal frit and mounted in apparatus 
adapted to circulate at high pressure a solution over 
the disks. A hyperfiltration membrane was formed on 
this substrate by passing an aqueous phase containing 
108 molar colloidal Zr(IV) hydrous oxide through it. 
A feed solution containing 50 grams per liter of n-butanol 
and 10 molar in colloidal Zr(IV) hydrous oxide was 
then circulated past the filter at a pressure of 105 atmos 
pheres. The permeation rate was 140 gallons per day 
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per square foot (g.p.d./ft.?) and the rejection value of 
butanol was 47 percent. 
As can be seen from Example I a dynamic permeable 

membrane is capable of rejecting n-butanol. 
EXAMPLE II 

Feed solutions containing other organic materials were 
processed in a manner similar to the feed solution of 
Example I. The resulting data are given in the following 
table. 

TABLE.-REJECTION OF ORGANIC SOLUTES 

Concen- Permea- Observed 
Organic tration, Pressure, Mem- tion, rejection, 
solute gfl. atm. branea g.p.d. fift. percent 

15 3. A 91 5 
Methanol----- 50 34 B 35 9 

50 34 C 24 6 
Ethanol.----- { 50 34 B 38 2 

50 34 C 3. 7 
50 41 A. 45 9 

n-Butanol---- 50 34 B. 31 19 
50 34 C 18 9 
50 34 C. 28 O 
50 38 A. 47 6 

2-butanone.---- 50 34 B. 42 30 
50 34 C 24 24 
50 34 C 28 27 
47 40 A 82 1. 

Phenol------- 50 34 B 35 26-56 
50 34 C 8 42-47 
50 34 C 2. 44 

Sucrose.------ 100 8 43 
25 24 43 
50 24 43 

EG b--------- 15 35 A. 60 23 
DEG b------ 25 35 A. 60 26 
TEG b- 40 35 A. 60 28 
PEG-300 b. 50 35 A. 47 52 
PEG-600 b. 50 35 A. 49 70 
PEG-1000 b. 50 35 A. 45 85 
PEG-4000 b. 50 30 A. 38 9. 
PEG-6000 b. 50 35 A. 38 89 

a See the following table: 
Molarity, col 

Pore diam- loidal hydrous 
eter, microns Zr(IV) oxide 

Meilbrane Support (nominal) in feed 

A.----- Silver--- 0.2 10-4 
B---- -Vinyl.-- 0, 45 10-5 
C----------------- Carbon...- 0.3 10-5 

b EGEthylene glycol; DEG = Diethylene glycol; TE G =Triethylene 
glycol; PEG-Polyethylene glycol. The numbers are an index giving a 
relative order of average molecular weights. 
As can be seen from Example II our method is capa 

ble of reducing the concentration of a variety of organic 
solutes in an aqueous solution. 

EXAMPLE III 

An aqueous solution containing 1 percent of a paper 
mill waste, primarily lignosulfonic acids, was circulated 
through a porous carbon tube (0.3 micron nominal pore 
diameter) at a pressure of 400 pounds per square inch. 
Within thirty minutes the flow rate through the walls was 
90 g.p.d./ft.2 and 80 percent of the coloring matter was 
removed as determined spectrophotometrically. 
This example demonstrates the ability of the organic 

materials in a paper mill waste to form a self-rejecting 
membrane. 

EXAMPLE IV 

The feed solution of Example III was made 108 
molar in colloidal hydrous zirconium oxide and pumped 
through the same carbon tube. Rejection of the coloring 
matter increased to about 95 percent with a flow rate 
through the tube walls of about 50 g.p.d./ft.2. 

EXAMPLE V 
The secondary effluent from a sewage plant was intro 

duced into a hyperfiltration unit containing a porcelain 
filter tube. The average flow rate through the filter walls 
was 50 g.p.d./ft2 and the rejection of organic material 
in terms of chemical oxygen demand was 90 percent. 

EXAMPLE VI 
Water from a lake containing pollutants was treated 

by introducing it into a hyperfiltration unit containing a 
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4. 
porcelain filter tube. The flow rate through the walls 
decreased with time from about 100 g.p.d./ft. to 30 
g.p.d./ft... The rejection of organic matter in terms of 
chemical oxygen demand was 64 to 92 percent. 

Examples V and VI show the removal of pollutants 
from waters using our technique. 
The foregoing examples are intended to illustrate, not 

to limit our invention. It is obvious that changes may 
be made in the substrate and the membrane-forming ma 
terials and that a wide variety of organic materials can 
be removed from aqueous solutions by our method. 
We claim: 
1. A method for decreasing the organic solute con 

centration contained in an aqueous phase in which said 
aqueous phase consists of at least one membrane-form 
ing material selected from the group consisting of syn 
thetic neutral organic polymers, polyelectrolytes, organic 
ion exchangers, inorganic ion exchangers, polyvalent 
metal salts capable of hydrolysis to form hydrous metal 
oxides having ion exchange properties, as well as other 
eXtraneous organic materials, comprising the steps of: 

(a) passing said aqueous phase past a porous sub 
strate to establish a dynamic hyperfiltration mem 
brane on said substrate and 

(b) continuing to pass said aqueous phase past the 
dynamically established membrane at a pressure 
which permits permeation of the aqueous phase 
through the membrane and substrate to yield an 
aqueous solution depleted in organic content rela 
tive to that contained in the unpermeated aqueous 
phase. 

2. The method according to claim 1 in which a first 
feed solution containing the selected membrane-forming 
material is flowed past a porous substrate to cause forma 
tion of the membrane followed by the step of passing a 
second feed containing extraneous organic materials past 
the thus formed dynamic membrane to effect permeation 
of Said second feed through said membrane to yield an 
aqueous solution depleted in organic content. 

3. The method of claim 1 wherein said organic solute 
is selected from the group consisting of alcohols, sugars, 
and lignosulfonic acids. 

4. The method of claim 1 wherein said aqueous phase 
comprises a paper mill waste. 

5. The method of claim 1 wherein said aqueous phase 
comprises a sewage effluent. 
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